Combined treatment of P-gp-positive L1210/VCR cells by verapamil and all-trans retinoic acid induces down-regulation of P-glycoprotein expression and transport activity.
The development of the most common multidrug resistance (MDR) phenotype associated with a massive overexpression of P-glycoprotein (P-gp) in neoplastic cells may result in more than one hundred fold higher resistance of these cells to several drugs. L1210/VCR is a P-gp-positive drug resistant cell line in which P-gp overexpression was achieved by repeated cultivation of parental cells with a stepwise increasing concentration of vincristine. Relatively little is known about regulation of P-gp expression. Therefore, serious efforts have been made to recognize all aspects involved in regulation of P-gp expression. Retinoic acid nuclear receptors are involved in regulating expression of a large number of different proteins. Several authors have described that all-trans retinoic acid (ATRA, ligand of retinoic acid receptors, RARs) may induce alterations in P-gp expression and/or activity in drug resistant malignant cell lines. There are also other nuclear receptors for retinoids--retinoid X receptors (RXRs)--that may be involved in the development of the P-gp-mediated MDR phenotype. The topic of the present paper is a study of the relationship, if any, between the regulatory pathways of nuclear receptors for retinoids and P-glycoprotein expression. Increased levels of mRNAs encoding the retinoic acid nuclear receptors RARalpha and gamma, as well as decreased levels of the mRNAs encoding RARbeta and the retinoid X receptor RXRgamma or slightly decreased levels of RXRbeta mRNA, were observed in L1210/VCR cells in comparison with parental L1210 cells. Neither L1210 cells nor L1210/VCR cells contained measurable amounts of mRNA encoding the RXRalpha receptor. ATRA did not influence the viability of L1210/VCR cells differently from L1210 cells. A combined treatment of L1210/VCR cells with vincristine (1.08 micromol/l) and ATRA induced slightly higher cell death than that observed with ATRA alone. When applied alone, ATRA did not influence P-gp expression (monitored by anti P-gp antibody c219 using western blot analysis) or transport activity (monitored by use of calcein/AM as a P-gp substrate by FACS) in L1210/VCR cells. In contrast, when ATRA was applied together with verapamil (an often used P-gp inhibitor), a significant decrease in P-gp expression and transport activity were observed. However, no significant differences in [11, 12-(3)H]-ATRA uptake were observed in either sensitive or resistant cells, in the latter case in the absence or presence of vincristine. Moreover, verapamil did not influence ATRA uptake under any conditions. Thus, we can conclude that the combined treatment of L1210/VCR cells with ATRA and verapamil is able to depress P-gp expression, and consequently its activity. ATRA is not a P-gp-transportable substance, and thus this effect could not be attributed to verapamil-induced inhibition of P-gp that would allow ATRA to reach retinoic acid nuclear receptors and activate them.